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© Ore pelletisation. 

© Finely divided mineral ore is pelletised using a soluble synthetic polymer. Preferaoly the poiymer is in :ne 
form of beaas made by reverse phase polymerisation and all having a size of below 300u.m. When the ore g.ves 
a pH in water of below 8 the soluble polymer is preferably cationic. 
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Ore Pelletisation 



Ircn ere neeas to be in the form of agglomerates of substantial size when it is chargea into a bias; 
furnace, if the available ore is in the form of panicles that are too small tor direct feed to the blast furnace it 
is necessary to convert them to a sinter or to peilets. With the increasing use of lower grace ores it has 
become necessary to grind the ore more finely and. for these fine particles, pelletisation is the oniy 
5 satisfactory metnod of production of feedstocx for the furnaces. 

The ceiiets are maae by adding binder to the fine paniculate ore and stirring in the presence of a small 
amount of water (generally moisture in the ore) to form a moist mixture, and then pelletising the mixture, 
e.g.. in a bailing arum or aisc peiletiser. The green peilets are then fired in a kiln through a temperature 
range that extends from an inlet temperature typically in the range 200-400°C up to a final temperature of 
;o e.g., 1200°C. 

Imponant properties of the peiiets are the initial or wet strength, the dry strength (after drying [he green 
pellets in an oven at i05 a C) ana the tenaency of the pellets to spall (or burst) upon exposure to firing 
temperatures. The tendency for soailing can ce definea by determining the minimum temperature at wmch 
spailing occurs or by observing the percentage of fines formed during a particular firing cycie. The moisture 
?s content of the mixture and the porosity of the peiiets must be cnosen carefully. A high "drop numoer" for 
the green peilets is desirable. For cost reasons the amount of binder should be as low as possible and. to 
ensure uniform properties, its flow properties must be such that it can easiiy be aaded uniformly in these 
low quantities. 

Althougn many binders have been proposed in the literature, (e.g., bentonite and other clays, ferrous 

20 sulphate, lignm sulphate, asphalt, starches, calcium ana sodium compounds, and certain polymers) in 
practice Dentonite is the binder that is generally used. 

In G3 1.324,838 worK was described that was conducted in or before 1970. more than 15 years ago. 
This useo. as binder, a water soluble linear organic polymer having a molecular weight of 1 million to 20 
million. Suitable polymers were modified natural poiymers such as starch and soaium carboxymethyl 

25 cellulose and various non-ionic, anionic or cationic synthetic polymers. The process involved forming a 
solution of the polymer and SDraying the solution on to the particulate iron ore. The patent noted that the 
sprayed solution was viscous ana that this could be a problem, but that the viscosity could be reducea by 
incluaing soaium chloride, soaium sulphate or potassium chloride in the water used for making the solution. 
Although direct comparisons of the poiymers in G8 1.324.838 is difficult it appears from the patent that 

:o various non-ionic, anionic and cationic polymers can be used to give improved green strength anc or 
spailing prooerties compared to bentonite. at very much lower dosages than bentonite. For instance a 
straight chain polyethylene oxide was reported as giving improved strength and spailing vaiues anc a 
cationic copolymer and a polymer formed from about 8% soaium methacryiate and 92% acryiamiae were 
reportea as giving improved strength values. 

35 A disadvantage of the process in GS 1.324.838 is that it is necessary to introduce substantial amounts 
of water with the polymer and so the initial iron ore must be very ary (involving the use of drying energy; or 
the final peilets wiil be very wet (increasing the risk of spailing). 

In Aus.l.M.M. Newcastle Pellets ana Granules Symposium October 1974 pages 151 to 1 56 R.L.Smytne 
describes wnat appears to be the same work as is discussec in this patent. It describes the proolems mat 

j o had been incurred with converting ary powder coiymer into the poiymer solution that couid be sorayea on 
to iron ore. The article oroposed the use of coiymer supotiea as a 35% solution (necessarily therefore 
involving bulk hanaling proolems) ana the use of polymer suopiiea as a liquid suspension, that presumaoiy 
was converted to an aaueous solution before use. The article warned about nanaling proolems of tne 
resultant oeilets and the risk of blocKage of chutes ana referrea to the stuay of alternative poiymers, nameiy 

-5 "natural eolymers ana derivatives of oetroieum orocucts''. 

Oesoite ail this work in the eany i970's an authoritative review of iron ore pelletisation by G.K.Jones :n 
! naustnai Minerals Marcn 1 979 pages 51 :c "3 mentions, as oincers. cmy Portland cement, lime ana 
centcnite. ana emcnasises the large amount cf centonue that is usea ana creaicts that it wiil continue to ce 
jsea cescne xe sncnaces ci centcnite. 

Zesoite :ne acceotance cv .ones, anc the wnoie mcustry. r.at sentence wouid continue to ce tne mcs; 
•viaely 'jsea cmaer it has. :cr very many years, ceen recocnisea :o incur various oroolems. Thus seme 
;raaes or centonue give satisfactory ceiiet crccenies cut ethers are less satisfactory. A orooiem with an 
;raaes ci centcnite is that tne oentomte is r.ct ccrr.custicie ana so contributes to :ne gangue in tne furnace, 
ana this gangue tencs to ce corrosive to tr.e lining of the furnace. Ar.otner crcoiem witn oentomte is that tne 
;otimum graces are oecommg ess avaiiacie. Sentence -r.ust ce cresent in ;he peilets m cuite large 
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amounts, tnus reducing the iron content of the peilet significantly ana increasing the amount or gangue. 
Lime arc some inorganic salts have been prcposea as alternatives to bentomte. but again trey cause (he 
formatter of unwanted gangue ana can be less satisfactory than bentonite. The added gangue constituents 
require increased energy consumption in the furnace. 

5 . A prooiem with bentonite ano other binders is that the spailing temperature is low. Typically the miet 
temperature of the kiln has to be in the range 200 to 400°C to prevent spaliing. Higher iniet temoeratures 
would be economically desirable if spaliing couid still be avoided. 

In Mining Engineering October 1984 pages 1437 to 1441 de Souza et al reported that organic cmcers 
would have the inherent advantage, over inorganic binders, of being eliminated during firing. Results were 

to reooneo on the use of polymers based on cellulose, in particular the material sold unoer the trade name 
Peridu r and which is believed to be c arboxy methyl ..cei.lgl.ose. The article reported adding Peridur powder tc 
an aoueous puip of iron ore before filtration and also reported adding the powder manually to the ore flow. 
The arace noted the need for water soluble polymers to be hydrated and dissolved curing mixing and 
peiletising. Spaiting at 250 °C was reported, but this is unsatisfactorily low. 

:s A cifficuity with powdered ceilulosic binders such as carbcxymethyl ceilulose is that the irregular 
particie snape and size distribution is such that the powoer does not flow freely. Instead the dry particies 
tend to c:ump together rather than flow over one another. As a result it is difficult to achieve uniform supply 
of the low dosages that are required. Another prooiem is that the amount of ceilulosic binder that has to be 
used for adequate strength tends to be too high to be cost effective. Another problem with some ceilulosic 

20 polymers is that they can reduce surface tension, and this appears to be undesirable in pellet formation. 

In practice the use of ceilulosic binders has not been widely adopted, presumably because of these or 
other problems. At present therefore there is very little use of organic binders and bentonite is still very 
widely used, despite the long-recognised disadvantages and decreasing availability of suitable grades of 
bentonite and despite the long-established possibility of using organic binder. 

25 In E? 0203855A2 (not published until after the priority date of this application) it is proposed to use a 
water sciuble high molecular weight polymer in [he form of a dry pdwder or. preferably, a water-m-otl 
emulsion that preferably contains both water-in-oil and oil-in-water surfactants. Non-ionic, anionic ano 
catidric polymers are proposed. The use of the polymer in combination, with an inorganic sait. to increase 
strength, is also proposed. 

jo Spailing properties are not discussed in a manner that allows judgement as to whether these poiymers 
could give improved spaliing prooerties compared to the spailing prooerties of bentonite. 

The only dry powders that are specifically proposed in E? 0203855 A2 are Rhone Pouienc A0 10 wnicn 
is said to be a ncn-icnic polyacryiamide having intrinsic viscosity (IV) 15.4dl/g and which we believe to ce a 
coarse crushed gel product, and Percol 725 ano Percol 726. both of which are made by the assignees of 

J5 the present application. Percol 725 is a crusnea gel copolymer having IV about 18 of 80% acrylamioe anc 
20% by weight sodium acrylate and Percol 726 is a Dead copolymer of about 65% acrylamice and 35% by 
weight sodium acrylate and has IV about 17. !n particular the bead form of Percot 726 is maoe oy reverse 
phase cciymerisation and a significant amount of the particies have a cry size above 450a,m ana uo to 
about 800um. and the crusned gel of Percoi 725 also has a partiae size of uo to about SOOum. 

±1 When considering possible binders that mignt be used there are severai critical factors tnat have tc ce 
recognised. The iron ore always has a very small panicle size, ano therefore a huge surface area. The 
binder must be introduced with the absolute minimum of water m order that the pellets can convenienttv 
have a total moisture content of not more than aoout 15%. The duration and energy of mixing me omcer 
wnh the iron ore panicles must be as shon as oossibie m order to maximise procuction anc minimise 

-5 capital costs. The amount of bmoer must be as low as possible in order to minimise cost and to avoid the 
risk of excess binoer accentuating the stickiness proolems noted in the article by R.L.Smythe. 

Bentonite has a very small particle size {typically beiow lOaml and adequate admixture of these very 
small oamces with the particulate iron ore is acnieved because the oentomte is used in a relatively large 
amount (typically i%). However it would be expected that tne use of a binder that is substantially ccarser 

so ana/or cresent tn a suDstantiaily smaller amount wcuid tera tc give less satisfactory results, cue tc non- 
uniform mixing of the omoer with the relatively targe volume or very fine oanicuiate ircn ere. 

The use of ceilulosic omoers or ;he cowoer or amuision oinoers crocoseo ;n =? 02Q2855A2 s 
-nconvenient from the ocmt of view of aoDlicaticn memoes mat give reascnaoie results. Aiso tne results are. 
at best, generally no certer than tnose ootamaoie witn centcnite. ano tney are often worse, it nas oeen cur 

55 ooiect :c imorove aooncation memoes ano/or cctam cetter results. 

in :re metnods of me invention mineral ere ceiiets are mace cy adding omcer esmensmg :rcanic 
polymer :o oanicuiate mineral -:re having sucstantiaily aH can:c:es ceicw 25Qum anc stirring n me 
presence of aoout 5 :o aoout 15% by weignt .vater itasec on :otai mixture) to 'c-rm a sucstantianv 
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Homogeneous moist mixture and pelletising me moist mixture. 

in EP225 1 71 fnot publishea at the crionty cate of this aopiicationi there is claimed a process m whicn 
..-on ore pellets are maae by aaaing oinaer comprising organic polymer to particulate iron ore having 
substantially ail particles below 250um ana stirring in the presence of 5 to 15% by weight {based on total 

5 mixj to form a substantially homogeneous moist mixture and pelletising the moist mixture, and the process 
is characterised in that the binder comprises uc to 0.2% by weight, based on total mix. of a water soluble 
synthetic polymer that has intrinsic viscosity 3 to l6dl/g and that is an anionic polymer of one or more water 
soluble etnylenically unsaturated monomers ccmorising an anionic monomer and that is acded to the iron 
ore as a ory, free flowing, powder having substantially all particles above 20i±m and below 300am. 

:o Although that process is very successful for pelletising conventional iron ores it has been found that 
less satisfactory results are obtained with some unusual ores, for instance one particular of haematite iron 
ore in Canada. It has been ascertained that this particular ore as supplied is acidic, in that has a much lower 
pH than normal pelleting ores. 

In -he invention pellets are made from mineral ore by adding binder comprising organic polymer to 

-5 acidic oarticuiate mineral ore having substantially ail particles below 250u.m ano stirring in the presence of 
5 to 15% by weight water (based on total mix) to form a substantially homogeneous moist mixture ana 
pelletising the moist mixture, ano in this process the binder comprises about 0.02% to about 0.5% by 
weight, based on total mix. of water soluble polymer that is cationic. 

When a small amount, e.g.. 2 to 10% by weight, of particulate ore is slurried with water the pH of the 

10 resultant water may depend upon the amount of ore that is used but at higher amounts of ore. typically 30 
to 40% solids, the pH becomes substantially indeoenoent of the amount of ore. It is this pH. that is 
substantially independent of ore concentration, wnich is intended herein when reference is made to the ore 
giving a specified pH. Normal ores give a pH of above 8.1. typically 8.2 to 8.4 or higher. The invention is of 
particular value when the ore is acidic and thus gives a pH in this test of below 7. and often below 6. 

25 3y the invention it is possible to obtain very good pelletising resuits even at very low pH values. This is 
in marked contrast to existing systems, and esoeciaily systems using bentonite. where reasonable resuits 
are sometimes obtainable at pH values 7 to 8 but the results at lower pH values, for instance 6.5 to 4 or 
even down to 3, are totally inadequate in most instances. Thus the invention permits, for the first time, 
satisfactory pelletising of acidic, and often highly acidic, ores. 

:o The mineral can be any acidic ore. e.g.. a zinc ore. but is preferaoly an iron ore. normally a haematite, 
magnetite or tachonite. The ore may be naturally acidic or may have been rendered acidic by some 
treatment prior to blending with the binder. For instance the ore may have been washed with acid to 
remove acid soluble components, typically to produce a pH of from 5 to 6 if manganese is being wasnea 
out of the ore. 

jS The ore may have acquired an acidic OH curing other processing treatments. For instance the ore may 
be cried under conditions that resuit in the ory ere giving the soecified relatively low pH in water. This may 
be because, for instance, the drying is conducted using hot gases that contain sulphur or otner imounties 
that cause acidification of the ore curing crying or may be due to chemical changes in the surface 
properties of the ore that are caused by dehydration. 

-o As a result of the invention it is possible, for the first time, to use for peiletising ores that hitherto wouio 
have been rejected, either because of their acicity or because of their low grade. The reason wny it is now 
possible to use low grade ores for pelletising is because a preferred process of the invention comprises 
forming acidic oarticuiate ore from the mineral ore (that can be of low grace) by a process comorisir.o 
wasning or leaching the mineral ore in acid, and thereafter using the resultant, enricnec. acidic particulate 

-s ore for pefletismg. It has not previously been oracticaole to use ac:d wasneo or acto leacnec ores for 
petletising. The ore that is acid wasned or leacnec is normally an iron ere. 

Numerous methods of purifying or enricnmc mineral ores Oy acid treatment are well known, and can ce 
used in ;he invention. 

The soluble cationic poiymer is formed by the octymensation of cationic ethylentcaily unsaturated 
zo monomer. ODtionaily with other ethyienicaily unsaturated monomers. The monomer or monomer bleno wiii 
normally ce water soluble. One suitade class of cationic monomers are the oiaikyiaminoaikyi cmetm 
acryiates. esoeciaily cimetnyiamincetr.yi (metni acryiate iDMAEA or OMAEMA). Another suitaoie class are 
:r.e oiaikyiaminoaikyi (meth) acryiamices. A suitaoie material is cimetnyiaminocrooyi (meth) acrviamioe. Ail 
sucn monomers are generally cresent in :ne term cf ac:a acdition or Quaternary ammonium salts. Fcr 
instance a suitaoie monomer is metnacryiamicc crcoyi ;nmethyi ammonium cnionce iMAPTAC). Ctner 
suitaoie cationic monomers mciuce ciailvl ciaixvi ouaternarv monomers, esoeciaily oiailyl cimetnvi ammo 
~,ium cr.icnce (DAOMAO. P-eterreo caticnic cciymers are cciymers raving recurring cuaternarv ammonium 
;rouos. Siencs of cationic cciymers e c.. i c:er.o svr.tnetic :c::cr.ic -vitn natural :r ^.cciriec natural 
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canonic ociymen can be usea. 

The poiymers can be cooolymensed with non-ionic monomers, generally (meth) scryiamice «ACMV 
Other suitable canonic poiymers are polyethylene imines and epichicrhydrin polyamine reaction crccucts 
maoe in ceaa form. We' firm that homopolymers and other polymers having a very high caticnic content can 
be of relatively low molecular weight, for instance having intrinsic viscosity below 5 dig, often in the range 
0.4 to 2 cl.g. When such polymers are formed from ethylenically unsaturated monomers at ieast 70 wescnt 
percent, ana creferably at least 90 weight percent, of the monomers snould be cationic. anc preferaoiy tne 
polymer is sucstantiaily a homopolymer. 

Other preferred polymers have medium to high molecular weignt and meaium cationic content, rcr 

: instance the IV may be from about 3 to about 20 dig or higher, generally 3 to 12 dbg. preferaoiy from 5 :o 
9 dl/g. Such poiymers are best made by copoiymerisation of about 20 to about 75. preferaoiy about 25 to 
about 50. weight percent cationic monomer with a non-ionic monomer such as acrylamioe. Best results are 
generally obtained with about 35 to about 55 weignt percent cationic monomer, with the balance non-icmc. 
Although best results are achieved most easily when the cationic polymer is added in :ne form of water 

s soluble oeaas ail below 300 microns, as discussed below, in some instances the cationic coiymer can ce 
addea in other forms. Thus it can be added in the form of particles that are within the size ranees 
discussed aoove for beads but which have been made by comminution of gel in air or. preferably, in an 
organic liquid for instance as described in EP 169674. It may be necessary to sieve the particles to give tne 
desired particle range and to exclude oversize particles. 

20 lnsteag_of being a sy nthetic polymer, it can be a naturally occurring polymer (or a modified natural 
polymer) such as'Chitosan or* cationic starch, but this usually less satisfactory than the use of syntnetic 
polymers. 

When the ore is wnoily dry. or is drier than is required in the moist pelleting mixture, it is necessary to 
add water to the ore in order to form the moist mixture and it is then possible to incorporate the polymer as 

25 a solution in mis water. For this purpose the polymer can initially be provided in any suitable physical form. 
When me polymer is being added as a solution, the aqueous polymer solution may be scrayed on to the 
ore prior to pelleting. The solution can be made from poiymer in the form of a concentrated solution, a 
poiymer-in-oil oisoersion or powder. Alternatively the polymer-m-oil disoersion of the polymer can be acceo 
airect to the ore. The polymer particles in any such dispersion can be dry or can be swollen eel particles. 

;o Preferably however the oolymer is added in the form of ary, free flowing powaer having substantially ail 
panicles beiow about 300iim. usually in the range about 20 to aoout 300um. The particles can ce 
comminuted gel. esoecially if the comminuted gel particles had been formed or treated in known manner so 
as to promote their flow, but preferably the oarticles are beads, for instance as made by reverse onase 
bead polymerisation. 

35 Reverse pnase bead polymerisation is a well known process. Thus an aqueous solution of the encsen 
monomer or monomer blend is dispersed in water immiscible liouid. generally in the aosence of an 
emulsifying agent but often in the presence of an amphipathic polymeric staoiiiser, the polymerisation ,s 
induced in conventional manner to provide a suspension of gei panicles in the non-acueous liauiC. the 
suspension is then dried by azeotroptc distillation ano the oarticles are separated frcm tne non-acuecus 
ao liauid in conventional manner. The desired panicle size range is controlled in known manner, for instance 
by the cnoice of stabiliser, emulsifying agent (if present) ano. esoeciaily. the degree of agitation curing tne 
formation of the initial suspension of aoueous monomer panicles in the water immiscible liauid. The ceacs 
are substantially soherical. 

Some reverse phase ooiymensation methods involve the use of relatively large amounts of emuisifiers 
;s or otner materials that deoress sunace tension. It is oaracuiariy cesiraoie in tne invention to maxe x.e 
poiymer particles in the substantial absence of any sucn material. In canicular, it is oesiraole that the entire 
binaer (and aiso the poiymer component of the binder) should have substantially no deoressant effect en 
surface tension. Thus if binder is dissolved with water at 20°C at 0.075% by weignt concentration tne 
surface tension of the solution snouid be aocve 55. anc oreferaciy acove 70 dynes/cm. Thus it is creierreo 
50 to avoid the use of amounts of sunactant that would cecress surrace tension significantly ano reuancs 
:nouic ce oiaceo instead on agitation or staoiiiser. tn known manner, to control bead size. 

Althougn :t mignt have been exoecteo to ce cesiraoie to use sweilable out insoluble oamcles ;m an 
artemct at matching the orooemes of bentonitei in fact tr.e use of sucn coiymer as the oniy coiymer s 
unsatisfactory ana soiucie ooiymer must oe usee. 
55 The failure of the cross-iinkeo oolymers. 3r.o the an:c:e in Mining Engineering Octocer 1984 cage W38. 
mtgnt nave indicated tnat it is necessary :cr :ne ocr/mer to go m:c solution ana/or to form a viscous cnase 
:urmg mixing, cut results can oe imoroveo (cr tr.e reduireo coiymer ccse recuceo oy the oresence .n \re 
.vater :t cenain stmoie ccmcouncs. Many of these are mencmenc. -suailv inorganic, eiectrciyte that car. ce 
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shown exoerimentaily to reauce the rare of solution and the viscosity when the polymer is dissolved into 
buik water. However it aooears that some mechanism other than aeoression of solubility or viscosity is 
involvea. In practice the water is generally moisture that is present in the ore. remaining from a previous 
filtration stage, ana this water is itself normally a solution of one or more inorganic electrolytes. 

5 Althougn this contamination aopears satisfactory results are improved further, and often synergisttcally. 

if the powaered binder that is acaed to the ore includes additional monomeric compound that is usually an 
inorganic or organic electrolyte but can be a non-electrolyte. 

The compound is normally water soluble and inorganic and so is preferably a water soluble salt of an 
acid. However salts of strong aces (e.g., sodium chloride, sulphate or nitrate) are less satisfactory than saits 

to ^p f weak organic, acids or caroonic .acid.. The strong acid salts may generate corrosive acids curing smelting 
or firing. Accordingly preferred compounds that are incorporated as part of the binder are organic moiecules 
such as urea, inorganic water soluble salts of carboxylic. dicarboxylic and tricarboxylic acids such as 
sodium acetate, sodium citrate, sodium oxalate, sodium tartrate, sooium benzoate and sodium stearate. 
other sodium salts of weak acids such as sodium bicarbonate and soaium carbonate, other miscellaneous 

/5 sodium salts such as soaium silicate or phosphate, the corresponding ammonium, potassium, calcium or 
magnesium saits of the preceding salts and calcium oxide. Sodium carbonate, bicarbonate or silicate are 
generally preferred as they give the best anti-spalling and dry strength results. 

An important advantage of the use of beads made by reverse phase bead polymerisation is that they 
can readily be added in very uniform and very small amounts to the ore that is to be pelleted, because of 

20 the substantially spherical shape of the beads. If the binder is to be a blend of the polymer with other 
material such as any of the compounds discussed above then this other materia! should also be added in a 
form that is easily flowaole on to the ore. Preferably the compound is incorporated in the beads. For 
instance a salt of a weak acid can be present in the aqueous monomer during polymerisation. Alternatively 
the compound can be added seoarately to the ore or it can be preblended with the polymer beads, but in 

25 either instance the compound itself is preferably put into a free flowable. generally bead, form, by known 
techniques. 

The optimum amount of aaded sait or other compound can be found by experimentation. For many 
purposes it is in the range 0 to about 60% by weight based on the binder {below 0.1% and usually beiow 
0.02% based on ore). In some instances amounts of from about 10 to about 30% based on soluble polymer 

30 are the most cost effective but usually greater amounts, for instance 30 to about 100% or even 150%. 
preferaoly 50 to 90%. based on soluble polymer are preferred. 

The soluble polymer (in beao or other form), optionally with the added salt or other compound, can be 
used in combination with other binders. In particular, despite the fact that cross linkea polymers have 
proved, by themselves, to be unsatisfactory we find valuable results are achieved if a cross linked. 

;s swellable. particulate organic polymer is included with the soluble polymer. The cross linked polymer must 
have a small particle size, beiow 100am and often below 50am. The size can be as small as is 
commercially available, e.g., down to lOum or mm. The panicles are normally introduced as dry pewaer 
and preferably this powaer is m the form of bead fines separated during the production of coarser 
particulate swellable polymer as produced by bead polymerisation. The inclusion of the cross linxeo 

-o polymer particles can give surprisingly improved dry strength and drop number values and so a biena of 
soluble particles and cross linkea panicles can give an excellent combination of dry strength, wet strenctn 
and soalling properties. Also the oeilets tend to have improved surface aopearance. such as smoothness. 

The cross linked polymer may be non-ionic (e.g.. polyacr/iamide). but when the soluble oolymer is 
ionic it is preferaoly of the same ionic type as the soluble polymer ana so may be formed from the same 

-5 monomers as are aiscussed beiow for the preparation of the soluble coiymer. Preferaoly 20 to 100% by 
weight, most preferaoly 50 to 1 00% by weight, are ionic. The use of homopoiymer, e.g.. cross linKea 
soaium poiyacrylate, is very satisfactory. Cross linking may be by any of the conventional cross linking 
agents usea in the proauction of swellable or aosorbent polymers. Thus it may be by an ionic cross tinning 
agent but is preferably covalent. e.g.. methylene bis acryiamice or other poiyethylenicaily unsaturatea 

50 monomer. The amount of cross linking agent is generally in the range 20 to 1 .000 com, oreferaoly £0 to 
500 oom. ana must be sucn that the panicles are insoluble but higniy swedacie m water, e.g.. navmg a gei 
:aoac;ty ;n water aoove 50. ana creferaDiy aoove 200. grams oer gram. 

r he amount of cross imKea polymer particles may oe relatively ,ow. e.g.. 10 to 30% basea on soiucle 
ooiymer, cut generally greater amounts, e.g.. jo to 300% or even 600% basea on soiucie coiymer are 

55 preferrea. Amounts of 0 to 30% often 20 to 50%. basea on total oinaer are suitaoie. Particularly preferrea 
oinders consist essentially of i Dart Dy weignt soluble ooiymer. 0.3 to i = carts Dy weignt soaium caroona-e 
or other accea sait or simoie comcouna, ana 0.3 to 5 oarts by weignt cress ImKea anionic nomoooiymer or 
coooiymer. min orccomons of acout 1:1:1 often oeing convenient. 
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Substantially all the oanicies cf the soluble polymer (and of other binder panicles) must ce oelow aoou: 
300um for good results, oresumaciy since otherw.se the panicle size is too iarge to estaolish adequate 
contact with the very large number of very small, iron ore particles. Preferably substantially ail the polymer 
particles are below about 200 anc preferably beiow about 150 microns. Althougn it might be expected to ce 
necessary to have exceedingly smail oolymer panicle size, similar to bemonite. this is unnecessary and :t :s 
satisfactory for most or ail of the oamcies to be above 20 microns. Best results are often, acn.eved when 
substantially ail the polymer partices are in the range 20 to 100 microns but a satisfactory traction is 100% 
below about 200um and at least £0% below about iGOum. 

Good results are achieved at very low soluble polymer additions. The amount, therefore, is usually 
o below about 0.2% ana generally it is below about 0.1% {by weight based on the total mix). It is orten 
preferred for the amount to be beiow 0.05% by weight, but amounts below 0.01% are usually .nadequate 
except when the soluble polymer is used with significant (e.g.. at least 20% by weight) other bmaer 
components, the amount of soluble oolymer may then sometimes be reauced. e.g.. to 0.005%. 

The panicle size of the ore is generally less than 250 microns, usually 90% or 80% by we.gnt or the 
s panicles being less than 50 microns. The ore is preferably an iron ore such as magnetite, naemetite cr 
(aconite, but can be any other mineral ore that needs to be put into the form of pellets, for instance a zinc 
ore Satisfactory results can be octained even if the ore is contaminated with clay. 

Before adding binder in the form of dry polymer, the ore usually already has the desired final moisture 
content of 5 to 15%. preferably 8 to 10%. by weight based on the weight of iron ore. This moisture content 
20 is the moisture as measured by heating up to 105'C. However if the ore is too dry then water may .be 
added to it. e.g., before or after the addition of polymer binder (or the binder may be predissoived). 

The binder can be blended with the ore in the same manner as bemonite is blended, prererably by 
scattering the polymer panicles on to the ore as it is carried towards a mixer, for instance a paacle mixer 
provided with stators. It may be mixed for the same duration as when bemonite is used, for .nstance 2 to 
25 20. generally about 10. minutes. 

The damp blend of ore ana oolymer is convened to pellets in conventional manner, for instance oy 
balling in conventional manner. This may be effected using a rotating tilting disc but generally is ccnductec 
in a balling arum. The size of the oellets is generally from 5 to 16 mm, preferably 8 to 12 mm. 

Before the resultant green ceilets can oe utilisea for the production of metai they neea to ce nrec. 
generally at a temperature uo to aoove lOGO'C. for instance uo to 1200*C. For this puroose they can be 
introaucea into a kiln or other firing apparatus ana fired in conventional manner, it is desiraoie to be aote :c 
introduce them into this furnace at the highest possible inlet temperature with the minimum risk or spailing. 
The inlet temperature at which spailing becomes significant can be referred to as the spailing temcerature 
and a panicuiar aavantaae of the invention is that it is possible to make pellets having a soailinc 
35 temperature higher than can conveniently be obtained by the use of bemonite and other known binders. 

Good results can be achieved while using easy application techniques ana low amounts of pciymer. It 
is easy to make pellets which have satisfactorily high wet strength ana dry strength (measured after crying 
in an oven) and a satisfactorily nigh arop numoer when wet {indicating the number of oroos before they 
shatter). In panicuiar it is possible to ootam excellent soaiiing properties, often much better than are 
-to obtainable with bemonite. 

In a second asoect of the invention, a mooification is orovidea in the process aescnoea in e. 2251/1 
for the treatment of conventional ores. esDeciaily iron ores. e.g.. those giving a pH above 6. Althoucn 
optimum results are more easiiy ootamed. with or without acdea soaium carDOnate or other inorganic ssk. 
when using a soluble anionic pciymer having intrinsic viscosity of aoout 3 to about 16. as m -hat U.S. 
,s patent, it has now been iouno mat it is possible to obtain useful peilettsmg with other anionic polymers 
unaer particular circumstances. 

In particular, the invention aiso includes a process m which organic polymer is addeo to conventional 
particulate iron or other ore having suostantiaiiy ail particles below 250um and stirring in the presence cr 5 
to 15% by weignt water (based on total mtx> to :orm a suostantiaiiy homogeneous moist mixture anc 
:0 peiletising tne moist mixture. T.e orocess ceing characterised in that the omcer comprises uo to 0.2% Pv 
weignt. cased on total mix. of water sciucie symnetic poiymer tnat nas intrinsic viscosity aoove aoout I'd! z 
and that is an anionic ooiymer cf one or more water sciuole ethyiemcailv unsaturated monomers ccmorismc 
an anionic monomer ana the oncer aiso ccmcnses aoout :0 : .o acout 150%. basea on total Dncer. :s 
aaaea salt or ctner monomer.c :cmoouna as c.scusseo aoove. Aiihougn the n.gn IV an.on.c monomers 
:5 cannot ce usea aione. acecuate -esuits are cctamacie «nen oienaea with sucn salt or ctner monomer* 
comoouna. 'or .nstance :n srcccracns cv weignt 2:: :o 1:2. The very n.gn moiecuiar weignt ociymer -s 
.ntroaucea in tne iorm or (me pcwcer wn.cn can oe ceacs :r crusnec cei. The oamcie sizes anc ctner 
characterises cf :he anionic pciymer. suitaole .norganic materials anc cress linked cciymes ana ctr.er 
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20 



additives may ail be as described above for the cationic bincers. 

In a third asoect of the invention, that is aoplicable to aii types of ores, the binder comprises accut 
0.005% to 0.5% by weignt. based on total mix. of a water sciubte syntnetic polymer that is aaaea to the ere 
as dry. free flowing, beaas that are substantially all above 20nm ana below 300um and that are mace cy 
reverse phase bead polymerisation from water soluble etnylenically unsaturated monomer or monomer 
blend. 

The polymer of the beads preferably is not anionic polymer of intrinsic viscosity 3 to 16. Thus it may ce 
anionic below 3 and preferably below 2. anionic above 16 ana preferaDly above 17. nonicnic or canonic. 
The bead polymer may be mixed with other poiymer particies and/or add salts, for instance as describee 
above. 

In examples 1 and 2 below the binders were each scartered on to acidic moist particulate haematite 
iron ore at an appropriate dosage. The moisture content was 8.3%. The blend was then convened to peilets 
in a balling drum, the pellets having a size typically of about 5-i6mm. 

The following synthetic cationic polymeric binders were used. They were made by reverse cnase 
polymerisation to a bead size below 200um and the beaas were dried and separatea. Polymer A 
copolymer of 40% methyl chloride quaternised dimethylaminoethyi acrylate (MeCl.a DMAEA) 60% ac- 
rylamide (ACM) 
IV - 7-8 dig- 

Polymer B : copolymer of 50% MAPTAC with 50% ACM 
IV = 6-9 dig"' 
Polymer C : 
Polymer D : 
IV - 6-7 dig*' 
Poiymer E : 
IV - 8-9 dig-' 
Polymer F : 
IV = 0.7 dig- 1 



100% PolyMAPTAC IV = 1.3 dig" 1 

copolymer of 60%-MeCI q OMAEA with 40% ACM 

copolymer of 80% MeCl q DMAEA with 20% ACM 

100% Poly-diallyldimethyl ammonium chioriae solid graae 
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Examole 1 



An ore from the Wabush mine was dried, giving a pH of 6.2. ana was blended while moist with the 
binder. The wet strength, nry strength, drop number and soailing temoeratures were recorcea. as snown -n 
Tables i and 2 below. 
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Table 1 







Dose 


Wet 


Dry 


Drop 


% 






% w/w 


Strencrth/ka Strencrth/ka 


Number >Soisture 




Blank 


— 


0.56 


0.59 


7.9 


8.0 




Bentonite 


0.7 


1.17 


8.20 


18.5 


10.0 


'0 


Peridur 


0.04 




0. 14 


9.2 


8.7 




Polymer A 


0.04 


0.92 


1.24 


22.7 


8.8 




Polymer B 


0.04 


0.72 


1.82 


19.2 


9.4 


• e. 


Polymer C 


0.1 


0.86 

Table 


3.31 

2 


8.2 


8.2 


20 








% SDalled 












700°C 


850°C 


1000° C 




Blank 




0 


70 


100 




25 


Bentonite 




40 


50 


100 




Peridur 






10O 








Polymer A 






0 


80 






Polymer B 






10 


100 




20 


Polymer C 




0 


0 


70 
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Examole 2 












An acid leached iron ore having pH about 5 was used ana the following results were ootamea. 






Dose 


Table 

Wet 


3 

Dry 


Drop 


% 






% w/w 


Strencrth/ka 


Strencrh/kc 


NJumber 


Moisture 




Polymer A 


0.04 


0.49 


1.61 


8.2 


3.9 


-5 


B 


0.04 


0.50 


2.15 


16.9 


9.1 




D 


0.04 


0.58 


2.11 


6.S 


3.0 






0.C4 


0.51 


1.94 


5.4 


7.3 


io 




O.i 


0.48 


3.5G 


4.2 


7.9 



Spaiiing «as testea fcr ail cmcers at 3S0*C ana fcr oncers 3. E ana F at :000°C. No scaiimc 
occurrea. 

55 
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Examcie 3 



A gei coiymer of 60% acryiamtde 40% soaium acr/iate having intrinsic viscosity 23.9c!- c was cried ana 
5 ccmmmutea m conventional manner to a panicle si2e of around 100am and is blendea with an ecuai 
amount oy weight of sodium carbonate panicles. This bincer was blended with iron ore giving a 
conventional aikaline pH, at a dosage of 0.04%. The spalling properties of the anionic synthetic polymer 
binoer system at 1,000°C were excellent relative to the other systems and the other propenies were 
satisfactory, although the moisture content was slightly higher than with the other systems. 

?o 

Claims 

i. A process in which pellets are made from mineral ore by forming acidic particulate ore having 
'5 substantially ail panicles below 250am and that gives a pH in water of below 7 by a process comprising 
washing cr leacning the mineral ore in acid ana blenaing binder comprising organic polymer into the acidic 
paniculate ore in the presence of 5 to 15% by weight water (based on total mix) to form a substantially 
homogeneous moist mixture ana Delletising the moist mixture, and in which the binder comprises aoout 
0.002% to about 0.5% by weight, based on total mix. of a water soluble polymer that is cationic. 
20 2. A process acccrcing to claim 1 in which the polymer is synthetic and formed from ethylemcaily 
unsaturatea monomers comprising a cationic monomer. 

3. A process accoraing to claim 1 or claim 2 in which the mineral ore is iron ore preferably one which 
gives a pH in water of beiow 6. 

4. A orocess accoraing to ctaim 3 in which the cationic oolymer is selected from polymers that have 
25 intrinsic viscosity 0.4 to 5dl/g and that are formed from monomers of which at least 70% by weight are 

cationic. and polymers that have intrinsic viscosity of 3 to 20dl/g ana that are formed by copoiymerisation of 
20 to 75 weignt percent cationic monomer with 80 to 25 weignt percent non-ionic monomer. 
_ 5. A process accoraing to claim 3 in which the cationic polymer is substantially a homopolymer having 
intrinsic viscosity 0.4 to 2dl/g. the cationic monomer preferably being selected from aiallyl aimethyi 
30 ammonium cnlortCe ana auaternisea aiaikylaminoaikyl (meth) acrylates ana quaternised diaikylaminoaikyi 
(meth) acr/lamiaes. 

6. A process according to claim 3 in which the canonic polymer is a copolymer of 25 to 60 weignt 
percent cationic monomer with 75 to 40 weignt percent acr/lamide and has an intrinsic viscosity in the 
range 3 to 12 dig. 

:5 7. A process according to claim 3 in which the cationic polymer is a copolymer of about 20 to acout 
60% acryiamiae with about 80 to about 40% by weight of a quaternised monomer selected from 
diaikylaminoaikyi (meth) acrylates and aiaikylaminoaikyl (meth) acryiamides and has intrinsic viscosity of 
from 3 to i2dl/g. 

3. A orocess accoraing to any of claims 3 to 7 in which me polymer is added to the ore as cry tree 
-o flowing powaer having substantially ail panicles above 20am ana below 300am more preferably substan- 
tially ail :he panicles being below i50am preferaDly suostantiaily 1 00% of the polymer oanictes being 
below 200am ana at least 50% being beiow 100am ana preferably in which the polymer is aaaea in tne 
form of ceaas maae by reverse ohase suspension polymerisation. 

9. A orocess accoraing to any oreceaing claim in wnich the binaer gives a suriace tension or aDOve 70 
js dynes/cm at a concentration in water at 20' C of 0.075% by weight. 

10. A orocess accorcing to any preceaing in which the amount of polymer is from 0.01 to 0.05% by 
weight. 

11. A process accoraing to any preceaing c:aim in whicn at least 70% by weignt of the aciaic 
paniculate ore nas a panicle size oelow 50am. 

so 12. A orocess m wmch oellets are mace from mineral ore oy accing cmaer comonsmg organic coiymer 

to acicic canicuiate iron ore having substantially ail oamces ceiow 250am ana stirring in the oresence of 5 
15% oy weignt water Tcasea on total mtx> :o form a suostantiaily Homogeneous moist mixture anc 
peiietisinc the moist mixture, ana :n wmcn tne omcer ccmcnses acout 0.002% to aocut 0.5% oy /vetcnt. 
casec cn total mix. of a water soiuole coiymer that :s canonic ana tne ore gives a oH in water of ceiow 7 

;5 '3. A crccess :n wmcn iron ore oeilets are mace cv seeing omcer comonsmg crganic coiymer tc 

particulate iron ere navmq suostantiailv ail canicies ceicw 250am anc stirring in the oresence ci 5 to '*5% ■#> 
oy weignt water 'oasea cr. tctai mix) to form a suostantiailv r.cimoceneous moist mixture ana ceiletismg tne 
moist mixture. :r.arac:ensec in tnat tr.e omcer ccmcnses lo to 0 2% by weignt. casea cn total mix. :f a 
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water soiubi e synthetic polyme r mat has intrinsic viscosity above 1 7dl g and that is an anionic potymer of 
one or more water soluble ethyienically unsaturated monomers comprising anionic monomer, ana the 
oinaer aiso comprises 10 to 150%. by weight binaer. of a compound selected from urea, scaium acetate, 
s oqium ci trate, sodium oxylate. sodium tartrate, soaium benzoate. sodium stearate, socium bicarbonate, 
"sccium caroonate. soaium silicate, sodium phospnate ana the corresponding ammonium, potassium, 
calcium ana magnesium salts of the preceding salts, ana calcium oxide. 

14. A process according to claim 13 in which the binder contains sodium carbonate, sodium bicar- 
bonate or soaium silicate in an amount of 50 to 1 50% based on soluble polymer. 

15. A process according to claim 13 or claim 15 in which the soiubie polymer is adcea as a ary. free 
flowing, powaer having substantially all particles above 20u.m ana below 300um. 

16. A process in which pellets are maae from mineral particulate ore having substantially ail particles 
below 250am by adding binder in the presence of 5 to 15% by weight water (based on total mix) to form a 
substantially homogeneous moist mixture and pelletising the moist mixture, and in wnich the binder 
ccmpnses about 0.002% to about 0.5% by weight, based on total mix. of a water soluble polymer that is 
acaea in the form of dry. free flowing, beaas that are substantially all above 20um. and below 300am anc 
that are made by reverse phase bead polymerisation from water soluble ethylenicaily unsaturatea monomer 
or monomer blend. 

17. A process according to claim 16 in wnich the polymer of the beads is nonionic. cationic or anionic 
having IV below 3 or above I6dl/g. 
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